Introduction {#sec1}
============

Obesity is a new risk factor, which is the focus of more and more research related to the development of cancer. In the last decade, many research results seem to confirm the influence of obesity on the increase in cancer incidence and mortality. The International Agency for Research on Cancer states that there is sufficient evidence of an association with excess adipose tissue, including overweight and obesity, with occurrence of at least 13 cancers. The spectrum of these cancers includes cancers of the esophagus, breast, colon and rectum, endometrium, gall bladder, stomach, kidney, liver, ovary, pancreas and meningioma \[[@cit0001]\]. Many studies of the recent years draw attention to the role of adipose tissue as an important internal endocrine organ. In the adipose tissue proteins are produced, referred to by the common name as adipokines. These include, among other things, leptin \[[@cit0002]\]. Leptin (Ob/LEP) is a product of the obesity gene is located on chromosome 7. It plays a key role as a hormone regulating body mass homeostasis, by lowering appetite. This regulation relies on suppressing the synthesis of neuropeptide hypothalamic Y, which is the main stimulator of food intake. By controlling appetite and energy expenditure in response to a change in body weight, leptin plays the role of a specific lipostat in the body. In obese people there is a high level of leptin in serum, which is directly correlated with the total amount of adipose tissue. Obese people have a reduced response to leptin, and in some patients the weakened response is due to a mutation in the leptin receptor gene \[[@cit0002], [@cit0003]\]. The relationship between cancer development and obesity can be partially explained by the increased leptin circulation. Leptin has been classified as a growth factor because it stimulates three key pathways well known for their role in cell development: differentiation, proliferation and activation \[[@cit0003]\]. It works through transmembrane receptors (Ob-R/LEPR). Leptin regulates a number of intracellular signaling pathways that are associated with the following molecules: Janus kinase (JAK), signal transducer and activator of transcription (STAT), phosphatidylinositol-3-kinases (PI3K), protein kinase B (AKT) and mitogen-activated protein kinase (MAPK). Leptin is also closely related to several growth factors, such as: vascular endothelial growth factor (VEGF), fibroblast growth factor 21 (FGF21), and insulin-like growth factor 1 (IGF-1) \[[@cit0004]\]. In the process of carcinogenesis, leptin promotes the growth of cancer by stimulating cellular pathways that are beneficial for proliferation and acting that suppresses the apoptosis. It has been demonstrated so far that leptin escalates tumor vascularization, stimulates proliferation, migration and invasion, and suppresses apoptosis of cancer cells ([Fig. 1](#f0001){ref-type="fig"}) \[[@cit0004], [@cit0005]\].

![Schematic representation of the pro-carcinogenic effects of leptin](WO-23-85877-g001){#f0001}

In this literature review we examined the role of leptin in the development of individual cancers: breast cancer, colorectal cancer, prostate cancer, ovarian cancer, endometrial cancer and brain primary neoplasms: glioma and meningioma. We carried out a comprehensive literature search using the PubMed database. The range of years of searched articles was 2008--2018. The following terms were used for searching: leptin, carcinogenesis, breast cancer, colorectal cancer, prostate cancer, ovarian cancer, endometrial cancer, glioma and meningioma.

The influence of leptin on the development of breast cancer {#sec2}
===========================================================

Breast cancer is the most commonly diagnosed cancer and the most common cause of death from cancer among women around the world, with an estimated 1.7 million cases and 521,900 deaths in 2012 \[[@cit0006]\]. It has been established that overweight and obesity are important risk factors for developing breast cancer. Epidemiological studies have shown that excessive body mass significantly increases the risk of breast cancer occurrence in postmenopausal women by 20--40% \[[@cit0007]\]. The studies indicate that the leptin level is significantly associated with the occurrence of breast cancer. Higher leptin concentrations in the serum are observed in obese patients with breast cancer compared to people with normal body mass \[[@cit0008], [@cit0009]\]. Mechanisms in which obesity contributes to the development of breast cancer are complex and have not yet been fully resolved. Adipocytes constitute the highest percentage among cells that contain mammary gland tissue, and therefore they are considered as a critical type of cells in the breast cancer microenvironment \[[@cit0010]\]. They are not only close to the neoplasm cells, but also play an active role in the whole process of development, progression, metastasis and response to treatment of breast cancer \[[@cit0010]\]. Many data show a significantly higher level of leptin expression in the adipose tissue near the neoplasm, compared to the adipose tissue distant from the tumor \[[@cit0011]\]. Previous studies confirmed overexpression of leptin and Ob-R in breast tumor tissues, especially in high-grade tumors \[[@cit0012], [@cit0013]\]. Various leptin activities have been proposed to try to explain its influence on cancer progression. First, leptin activates various signaling pathways, including estrogen receptor signaling, leading to uncontrolled proliferation of the breast cancer cells \[[@cit0010], [@cit0014]\]. Previous studies have reported that the leptin level and Ob-R expression were not only correlated with tumor size but also with receptor expression level for estrogen, as well as being significantly higher in the breast cancer patients than in healthy persons from a control group \[[@cit0015], [@cit0016]\]. Leptin promotes angiogenesis and proinflammatory responses, as well as stimulating the proliferation of normal and neoplastic epithelial cells of the breast gland tubules \[[@cit0011]\]. Incorrect control of the cancer cells' proliferation processes is, among others, caused by HER2 receptor transactivation (human epidermal growth factor receptor 2) \[[@cit0011]\]. HER2 is overexpressed in about 30% of breast cancer cases, and its presence indicates a more aggressive course of the disease (a negative prognosis factor) \[[@cit0017]\]. The influence of leptin on an increased proliferative activity of the breast cancer cells is also observed as a result of activation of the JAK/STAT3 and PI3K/AKT pathways \[[@cit0011], [@cit0016]\]. Leptin acts as a cell cycle modifier, reduces the number of cells of G0/G1 phase and increases the number of breast cancer cells with the S and G2/M phases \[[@cit0011]\]. The influence of leptin on tumor progression was also found in the mechanism of apoptosis regulation. Leptin suppresses the apoptosis of breast cancer cells by increasing the expression of apoptosis inhibitors, such as Bcl-2 and Bcl-xl antiapoptotic proteins. Finally, leptin promotes the process of angiogenesis by increasing the expression of VEGF, thereby contributing to cancer progression \[[@cit0011]\].

The influence of leptin on the development of colorectal cancer {#sec3}
===============================================================

Epidemiological data suggest that obesity is one of the risk factors for developing colorectal cancer \[[@cit0001]\]. Previous studies have shown a direct contribution of adipose tissue to the development of colorectal cancer \[[@cit0018]--[@cit0020]\]. The studies were conducted to investigate the expression of leptin in patients with colorectal and rectum cancer and to determine the influence of leptin on colorectal cancer cells. It was found that in patients with more advanced disease there is a statistically higher concentration of leptin in blood serum compared to patients with less advanced disease and to the control group \[[@cit0018]\]. The study results confirm that the levels of leptin and its receptor expression correlate with the tumor grading, intestinal wall invasion and distant metastases in patients \[[@cit0019]\]. Leptin has been shown to induce phosphorylation of JAK2 and extracellular signal regulated kinase (ERK), thus activating key signal transduction pathways associated with the growth of neoplasm cells \[[@cit0019]\]. In addition, it was ascertained that leptin/Ob-R and VEGF expression in colorectal cancer was positively correlated, resulting in accelerated angiogenesis, the degree of invasion and the presence of distant metastases in the colorectal cancer \[[@cit0020]\]. Other studies have shown that overexpression of leptin was significantly associated with the stage in the pTNM classification and the presence of lymph node metastases, distant metastases, as well as the grading and expression of phosphorylated mammalian target of rapamycin (p-mTOR), p-70S6 and p-Akt kinase \[[@cit0021]\]. In addition, the influence of leptin on the proliferation and apoptosis of the colon cancer cells was determined. The results confirmed that leptin can stimulate proliferation and suppress apoptosis of colon cancer cells by acting through the PI3K/Akt/mTOR pathway \[[@cit0021], [@cit0022]\]. Resistance to leptin associated with obesity leads to changes in gene expression and preservation of the cancer cells \[[@cit0023]\]. Studies have been carried out on the participation of micro-RNA (miRNA) and leptin in regulation of the expression of genes that are crucial for the carcinogenesis process in colorectal cancer cells. The experiments showed that leptin significantly increased miR-4443 in colorectal cancer cells, while significantly reducing the ability to invade cells, suggesting that miR-4443 acts in a way that suppresses tumor growth. Resistance to leptin can suppress this pathway and increases the risk of metastatic colorectal cancer \[[@cit0023]\].

The influence of leptin on the development of prostate cancer {#sec4}
=============================================================

There is some evidence suggesting that leptin may play a role in the development of prostate cancer. Obesity influences the progression of prostate cancer, and the adipose tissue adhering to the prostate gland is considered a potential stimulus of a progressive disease \[[@cit0024]\]. Studies show that a higher leptin level in obese men can be considered as a risk factor for prostate cancer \[[@cit0025]\]. There was confirmed significant expression of leptin receptors in prostate cancer cells, suggesting a stimulatory action of the leptin on the proliferative activity of the tested prostate cancer cell lines \[[@cit0026]\]. In addition, it was ascertained that leptin is significantly expressed in the adipose tissue adhering to the prostate gland, which is the microenvironment of the prostate cancer \[[@cit0027]\]. It has been proven that long-term exposure to leptin increased proliferation, migration and invasion of prostate cancer cells \[[@cit0028]\]. The mechanism of induction by leptin proliferation of the prostate cancer cells was suggested in a study showing that leptin affects the metabolism of estrogen and causes an increase in estrogen receptor expression \[[@cit0029]\]. Leptin also induces VEGF expression by transforming growth factors in the prostate cancer cells. This process stimulates the angiogenesis and proliferation of prostate cancer cells \[[@cit0030]\].

The influence of leptin on the development of ovarian cancer {#sec5}
============================================================

About 230,000 cases of ovarian cancer per year are diagnosed around the world and about 140,000 women die from this disease \[[@cit0031]\]. Many factors contribute to this result, including late diagnosis, lack of highly therapeutic chemotherapy and a high degree of molecular impurity among the ovarian neoplasms. Evidence linking obesity with ovarian cancer remains unclear; however, the accumulated epidemiological data have begun to support the role of obesity in the carcinogenesis of ovarian cancer. In this respect, there were carried out studies which established the relationship between the occurrence of ovarian cancer and a high body mass index (BMI) (high obesity rate). The relative risk for ovarian cancer to increase the body weight by 5 kg/m^2^ was 1.10 in patients who never used hormone therapy and 0.95 for women using hormone therapy \[[@cit0031]\]. Overweight and obesity have been identified as negative risk factors for ovarian cancer progression and overall survival time of patients \[[@cit0032]\]. Studies confirm the negative influence of higher concentrations of leptin in blood in obese patients with serous ovarian cancer \[[@cit0033]\]. While testing concentrations of leptin in blood serum and ascites samples collected from ovarian cancer patients with a normal BMI index and overweight, it was found that leptin concentration in blood correlates positively with the ascites fluid volume. The patients with overweight and obesity had a higher ascites fluid volume compared to people with normal BMI. Therefore, a high level of leptin in obese patients may contribute to the maintenance and survival of dormant cancer cells that remain after surgical removal (e.g. the cancer cells in ascites or abdominal cavity), which in turn increases the recurrence of the disease \[[@cit0033]\]. The mechanism of how obesity contributes to the development of ovarian cancer and affects its behavior is not fully understood. One potential explanation that has been proposed is the theory of inflammation. This conception claims that chronic exposure of the ovarian epithelium to an inflammatory stimulus triggers a malignant transformation and then favors more aggressive behavior of the neoplasm cells \[[@cit0034]\]. Excess adipose tissue and the condition of a chronic low inflammation degree characterize obesity. In this activated state, adipose cells secrete adipokines, including leptin and several inflammatory cytokines that have been associated with tumor progression and metastatic potential in other epithelial cancers, including breast, colorectal and prostate cancer \[[@cit0035]\]. In the studies there was ascertained excessive receptor expression for leptin in serous ovarian cancer cells (especially in borderline malignancy) compared to benign ovarian neoplasms. It was also confirmed that leptin significantly increases proliferation in ovarian cancer cells, but only in those with high expression of the leptin receptor \[[@cit0036], [@cit0037]\]. Furthermore, another study demonstrated a stimulatory effect of leptin on cell proliferation and an inhibitory effect on apoptosis in the human ovarian cancer cell line by up-regulating cell cycle progression genes (up-regulation of mRNAs for *CCND1*, *CCNA2*, *PCNA*, and *E2F3* -- genes responsible for inducing cell proliferation) and suppressing cell cycle inhibitor genes (down-regulation of mRNAs for *P21CIP1*, *P27KIP1*, and *GADD45A* -- genes responsible for inhibiting proliferation). The analysis also showed that leptin promotes cell cycle progression, as demonstrated by an increased cell population in both the S and G2/M phases \[[@cit0038]\]. Other studies confirmed twofold higher leptin receptor gene and protein expression in both epithelial ovarian cancer and cancer granulosa cell lines compared to non-cancer cell lines, which is associated with poor treatment prognosis \[[@cit0039], [@cit0040]\]. In addition leptin has also been shown to stimulate the migration and invasion of ovarian cancer cells, regardless of the degree of leptin receptor expression in the cells \[[@cit0036], [@cit0037]\]. Other studies demonstrated that the high leptin level observed in obese patients activates the PI3K/AKT/mTOR signaling pathway in ovarian cancer cells. It has been hypothesized that therapies targeting mTOR activity (caloric restriction, rapamycin, metformin and statins which suppress the mTOR pathway) should be effective against the ovarian cancer, especially in obese patients \[[@cit0041]\]. There have been conducted studies in which the pharmacological suppression of the PI3K/Akt/mTOR pathway disrupted the malignant leptin-induced transformation of ovarian cancer cells, and it was shown that blocking the leptin receptor can radically suppress the spread of ovarian cancer cells in the peritoneal cavity, thus preventing disease progression \[[@cit0042]\]. These results identify the potential of leptin neutralization as a new strategy to support treatment of ovarian cancer \[[@cit0042]\].

The influence of leptin on the development of endometrial cancer {#sec6}
================================================================

Endometrial cancer is the seventh most common cancer in women in the world. Obesity is one of the basic, if not the most important, risk factors for uterine cancer \[[@cit0043]\]. Compared to all obesity-related neoplasms, the incidence rate and mortality of endometrial cancer are the most strongly associated with an increase in BMI \[[@cit0043]\]. This is related to insulin resistance and increased estrogen production by excess adipose tissue \[[@cit0043]\]. The adipose tissue is seen as an endocrine organ synthesizing so-called adipocytokines -- leptin, adiponectin, vistifin, which play a key role in the development of endometrial cancer and can be used as new markers in determining the potential risk of this disease. Chronic inflammation that accompanies obese people and those with metabolic syndrome and accompanying hyperinsulinaemia seems to have a key influence on the proliferation process of endometrial cancer cells in obese patients \[[@cit0043]\]. Many studies have shown the higher level of leptin in patients with endometrial cancer \[[@cit0044]\]. In addition, it was confirmed that there was an increased leptin level among patients with a higher stage of endometrial cancer and with a lower grade of histopathological differentiation \[[@cit0045]\]. There was also ascertained a relationship between leptin concentrations and lymph vessel infiltration and the presence of metastases to the lymph nodes \[[@cit0044], [@cit0045]\]. The results of the studies have shown that the endometrial cancer cell lines expressed higher levels of the leptin receptors as opposed to the primary non-malignant endometrial cells \[[@cit0045]\]. Overexpression of leptin and its receptors in the neoplasm cells correlated with the degree of invasion, metastasis and poor prognosis. The studies have shown the mechanism of action of leptin on the functions of endometrial cancer cells. Leptin suppresses apoptosis of endometrial cancer cells. Significant expression of leptin's receptor in the cancer cells facilitates the progression of endometrial cancer \[[@cit0046]\]. In addition, the research results indicate that leptin activates increased cell proliferation in endometrial cancer cell lines \[[@cit0047]\]. Other studies of the mechanism of endometrial cancer development focused on metabolism and estrogen synthesis, which play an important role in the formation and development of endometrial cancer \[[@cit0048]\]. The results confirmed that leptin can act as a cell growth factor. It affects the local microenvironment of the endometrial cancer by increasing the expression of aromatase P450 (P450arom) in endometrial fibroblasts, increasing the local formation of estrogen and enhancing the proliferation of endometrial cancer cells \[[@cit0048]\].

The influence of leptin on the development of glioma and meningioma {#sec7}
===================================================================

The gliomas and meningiomas are the two most common primary neoplasms of the central nervous system, representing respectively 70% and 20% of all brain tumors \[[@cit0049]\]. Risk factors for central nervous system (CNS) neoplasms are still little known. The results of a meta-analysis conducted in 2015 highlighted the significant influence of obesity as a risk factor for the development of meningiomas and gliomas in women, as well as meningiomas in men \[[@cit0049]\]. In addition, it is proven that in patients with advanced glioma stage, obesity is an independent risk factor for early cancer progression and mortality \[[@cit0050]\]. These results were also a starting point for conducting further research on the pathophysiological relationships of the obesity mechanisms and the development of CNS neoplasms \[[@cit0050]\]. A previous study has confirmed the excessive expression of leptin and its receptor in cancer glioma cells compared to normal glioma tissue \[[@cit0051]\]. There has also been shown higher expression of leptin in high grade gliomas such as anaplastic astrocytoma or glioblastoma compared to low grade gliomas \[[@cit0051]\]. These results show a correlation with the histopathological type of the glioma and grading, resulting in more significant expression of leptin in high grade gliomas, suggesting that leptin participates in tumor progression and differentiation \[[@cit0052]\]. Searching for mechanisms linking obesity as a chronic inflammatory disease with the process of carcinogenesis, there were studies on the influence of leptin and proinflammatory factor sPLA2-IIA (proinflammatory secreted phospholipase A2 type IIA) associated with the function of astrocytoma cells. It was shown that synergistic interaction of these compounds may activate intracellular pathways participating in cancer progression and metastasis support. The sPLA2-IIA proinflammatory factor increased the expression of leptin receptors in the astrocytoma cells, whereas the mutual interaction of leptin and sPLA2-IIA caused the growth and migration of the astrocytoma cells \[[@cit0044]\]. Leptin, which increases the susceptibility of cells to inflammatory mediators, may contribute to the deterioration of the prognosis of neoplastic and neurodegenerative processes, being a potential mediator of some obesity-related complications \[[@cit0053]\]. It turns out that leptin can act as a chemo-resistant agent in the treatment of glioma. The conducted studies showed that the glioma cells with expression of leptin receptor were resistant to temozolomide (TMZ), and TMZ resistant glioblastoma cells showed overexpression of the leptin receptor. A better understanding of the mechanisms of drug resistance induced by leptin can lead to the development of more effective therapies for the treatment of glioma \[[@cit0054]\].

In the case of the evaluation of leptin receptor expression in meningiomas, there is no extensive research and the role of leptin in the development of meningioma remains unclear. The current studies did not reveal a statistically significant relationship between leptin receptor expression and the meningioma classification, but high leptin receptor expression was observed in the low malignancy grade group compared to the high malignancy grade group (46.2% and 14.5%, respectively) \[[@cit0055]\]. In addition, in patients who were found to be overweight or obese, there was significantly increased expression of the leptin receptors compared to patients who had normal body weight or underweight \[[@cit0055]\]. In other studies, it was found that leptin receptor overexpression was significantly higher in the low grade meningiomas than in the high grade meningiomas (atypical and anaplastic) \[[@cit0056], [@cit0057]\]. The leptin receptor expression and also leptin concentration in the blood can be used as important prognostic markers for meningioma development \[[@cit0056], [@cit0057]\].

In the case of obesity, the cancer cells are constantly stimulated by pro-inflammatory cytokines and adipokines, among which leptin dominates. The studies show that leptin can affect the cancer cells through numerous phenomena, e.g. inflammation, cell proliferation, suppression of apoptosis and angiogenesis. However, leptin has very complicated mechanisms of action which require better understanding in certain types of cancer.
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